Objectives-Women who experience postpartum psychosis (PP) seek guidance on further pregnancies and risk of illness; however empirical data are limited. This study describes reproductive and mental health outcomes in women diagnosed with PP and examines clinical risk factors as predictors of further illness.
Postpartum, or puerperal, psychosis (PP) is the most severe form of postpartum mood disorder. The rate of PP in the general population is approximately 1 in 1,000 (1, 2) , however, the occurrence of such severe psychiatric episodes in the early postpartum is of great and disproportionate clinical importance. The tragic consequences of PP have been shown in a number of well-publicized cases in which women suffering from the illness have killed themselves or, in very rare circumstances, harmed their baby (3) (4) (5) . Suicide is a leading cause of maternal death, and it is evident that a high proportion of cases represent women with acute psychosis in the early puerperium (6) .
Although some have argued that PP is a condition in its own right, it is more appropriate to view childbirth as a trigger of mood episodes with psychotic features (7) (8) (9) (10) . Most cases of PP have an onset within two weeks of parturition (7) (8) (9) (10) (11) , and a diverse range of clinical features are seen (7) (8) (9) (10) (11) . Affective symptoms, both elation and depression, are prominent as is a disturbance of consciousness marked by an apparent confusion, bewilderment or perplexity (7) (8) (9) (10) . The nosology of PP remains controversial, which has led to problems in both research and clinical practice.
Several lines of evidence strongly support a model in which most cases of PP represent a variant of bipolar disorder. Data from epidemiological studies (12, 13) show a 22-fold increased risk of experiencing an affective psychosis in the four weeks following delivery, and a relative risk (RR) = 35 with first deliveries (12, 13) . Although the rate of PP in the general population is 1 in 1,000, this rises to 260/1000 in women diagnosed with bipolar disorder and to 570/1000 in women with bipolar disorder and a family history of PP (14) . In women diagnosed with bipolar disorder, between 25% and 40% of deliveries are affected by an episode of mania or depression with psychotic features (14) . While a previous personal or family diagnosis of bipolar disorder is clearly a risk factor for PP, it is unclear whether a family history of mood disorders in general confers risk. Primiparity (15) (16) (17) (18) (19) and experiencing obstetric complications (15, 17, 19, 20) have also been established as risk factors for PP.
Long-term follow-up studies show that women who experience PP remain at high risk of experiencing future episodes that are bipolar in nature (21) , related (puerperal) (40-57%) (22, 23) and unrelated (non-puerperal) (60%) to childbirth (18, (22) (23) (24) (25) . A number of women will make the decision not to extend their family. Although data are limited, they suggest that between 40% and 70% of women who experience PP do not have further children (25) (26) (27) , but the rationale behind this decision-making process is not well understood. Our previous work found that many women with PP felt that they had made ill-informed decisions about their reproductive health based on a lack of information from health care professionals. Specifically, many reported avoiding pregnancy in order to remain well, only to experience further non-puerperal episodes of illness (28) .
Given that women with a history of PP will seek advice on subsequent pregnancies and risk of future illness from psychiatric professionals, it is imperative that we obtain empirically derived data to aid in this decision-making process. There has been little research that examines the future reproductive and mental health of women diagnosed with PP and whether clinical factors may modify the high risk they face. Research on PP, in general and specifically on predictors of subsequent risk, is limited by the disorder's relatively rare nature, small sample sizes, cross-sectional designs, and a broad range of phenotypes being included. We address some of these limitations in this study by using a large, wellcharacterized sample of women purposely ascertained on the basis of having narrowly defined PP.
The aims of this study were to:
1. Describe the reproductive course in women who experienced an index episode of PP and to compare those women who do and do not go on to have subsequent pregnancies.
2.
Quantify the risk of experiencing PP in a(ny) subsequent delivery following the index episode.
3.
Examine whether clinical factors predict: (i) a further PP in the next/subsequent delivery and (ii) non-puerperal relapse.
We proposed the following hypotheses: Women with an antecedent history of psychiatric illness would be more likely to have: (i) a subsequent pregnancy and (ii) a subsequent episode of PP. We further hypothesized that having a family history of psychiatric illness would be associated with experiencing subsequent episodes of illness (i) in the postpartum and (ii) unrelated (non-puerperal) to childbirth.
Materials and methods

Subject selection
One hundred and seventy-nine women were recruited as part of an ongoing national clinical and genetic study of PP conducted in the United Kingdom. Recruitment methods included support groups for PP and bipolar disorder, admissions to general and specialist perinatal psychiatry units and clinics, and national publicity.
To be included in the study, women must have experienced at least one episode of PP, defined as an episode of mania or depression with psychotic features according to DSM-IV and ICD-10 criteria. We included episodes with onset within six weeks of childbirth to include both the postpartum onset definitions of four and six weeks employed in DSM and ICD criteria, respectively. To ensure that participants met the inclusion criteria and were willing and able to take part, participants were screened over the telephone by a study team member using a brief diagnostic interview. Fifty-six women were excluded after completing the telephone screen; some women did not meet diagnostic criteria (i.e., they experienced non-psychotic depression or had symptom onset greater than six weeks postpartum). Other women had ongoing mental health issues and did not feel well enough at that time to participate in the study.
Multicenter ethics approval was obtained, and after a complete description of the study all women provided written informed consent.
The sample was therefore comprised of 123 women who had consented and underwent a full interview. After the full interview was completed, a further seven women were excluded as they had an onset during pregnancy (n = 5) or later than six weeks postpartum (n = 2). This resulted in a final sample of 116 women.
Assessments
Each subject was interviewed by a trained psychiatrist (IJ) or psychologist (ERB) using a modified version of the Schedule for Assessment in Neuropsychiatry (SCAN) (29) , a detailed semi-structured lifetime psychiatric interview used to elicit psychopathology and to generate DSM-IV diagnoses. The modified SCAN assessed subjects' experience of manic, depressive, and psychotic symptoms both following childbirth and for their lifetime.
In addition, each woman was asked in detail about menstrual, obstetric, and gynecological events. Additional data were collected wherever possible from key informants who witnessed the PP episode(s): these included spouses, parents, siblings, and mental health professionals. In 96% of cases we were able to obtain psychiatric and obstetric case note information to supplement proband and informant data. Determination of antecedent history, defined as an episode of psychiatric illness meeting DSM-IV criteria, irrespective of whether it received medical attention, was based on all available proband, informant, and medical case note information. Postpartum episode and lifetime diagnoses were made according to DSM-IV based on all available subject and case note information. Consensus diagnoses were made by the two primary interviewers (IJ, ERB) and an independent clinicianresearcher, with 98% agreement reached. In two cases where agreement could not be reached the opinion of a fourth clinician was sought and consensus reached.
Variable definitions
Data were obtained from both interview and case note review. Where case notes were unavailable we relied upon subject and key informant data.
The predominant clinical presentation of the index PP episode was categorized as mania, depression, or mixed. The mania category included, in addition to episodes of mania with no concomitant depressive features, episodes of mania that were followed by an episode of depression, and, in the case of four women, episodes of depression that were followed by a mania. In the latter group, the depressive symptoms began within four days of parturition and lasted from 8-21 days before manic symptoms appeared. Therefore, in each case the onset of postpartum mania was within four weeks of delivery. The depression category comprised episodes of major depression with psychotic features but no evidence of manic symptomatology. The core feature of the mixed category was simultaneous, rather than subsequent, symptoms of mania and depression. The DSM-IV criteria for mixed episodes states that diagnostic criteria for both mania and depression must be met for at least one week, however this is restrictive and has led to alternative definitions being proposed (30) (31) (32) . For the purposes of this study we defined cases of mixed mania as DSM-IV defined mania plus at least one depressive symptom, and mixed depression, as DSM-IV defined major depressive episode (MDE) plus at least one concurrent manic symptom (e.g., [30] [31] [32] .
Onset of symptoms was defined as the number of days between parturition and the onset of psychiatric symptoms. Day 1 was taken to be the day of delivery. Duration of the index episode reflected the time from illness onset until the subject was euthymic -defined by self-report and case records. Time to treatment initiation refers to the difference in days between symptom onset and the start of medication. In all but three cases, women were treated with medication.
We examined PP episodes for the presence of perplexity or confusion; the symptom was rated as present if the woman endorsed perplexity or confusion, or if she described the experience using her own terms including 'bewilderment', 'having a head full of cotton wool', 'head fog', and 'being on a different planet'. Suicidal ideation and behaviors were elicited from the SCAN interview and included active and passive thoughts of death, suicidal ideation, suicidal plans, and suicide attempts. The status of the hospital admission was noted as voluntary or involuntary; involuntary means that she was detained under a section of the Mental Health Act under UK law for her own health, her safety, or for the protection of others. Postpartum episodes in female relatives were rated as postpartum depression (PPD) (non-psychotic depressive symptoms) and PP episodes (episodes of mania or depression with psychotic features). Family history of mood disorders was defined as a biological relative being diagnosed with or receiving treatment for bipolar or unipolar disorder, or another named disorder. We recorded the time from the index PP episode to when the woman completed the study interview in months (Time from index PP to interview).
Data analysis
We compared demographic and clinical factors between (i) women with and without subsequent pregnancies following the index PP episode, and (ii) between those who had and did not have subsequent PP among those women with a subsequent pregnancy.
The following factors were treated as continuous variables in analyses: age at interview, age at index PP episode, time from the index PP episode to interview (in months), time from index PP episode to subsequent pregnancy (in months), onset of symptoms (in days), onset of treatment (in days), and duration of index episode (in weeks).
The following were used as dichotomous categories (yes/no) in analyses: having an antecedent psychiatric illness, clinical presentation (categorized as mania or mixed episode versus psychotic depression), presence of suicidal behaviors, and presence of perplexity and whether the woman was involuntarily hospitalized/detained. Other variables included a family history of a mood disorder (unipolar or bipolar) and having a female relative who experienced a postpartum psychiatric illness.
Treating the two groups under comparison as independent, we used chi-square analysis for categorical variables and t-tests were conducted for continuous variables. Using group membership as a binary response multivariate logistic regression was used to estimate the effects of these variables on predicting group membership. Odds ratios (OR) and 95% confidence intervals (CI) were calculated. However, it should be noted that predicting group membership is not totally independent, as it is based on given events occurring. For example, having a subsequent postpartum episode is predicated on having a subsequent pregnancy and delivery. Further, these events are subject to change over time, and group membership may change if the subjects were followed for a longer time period. For instance, older women are less likely to have more children. To account for the effects of time, we used survival analysis to study the relation between the covariates and occurrences of the events. These data are 'censored' to indicate that the period of observation was ended before the event of interest occurred. For those women who had a subsequent pregnancy, the survival analysis for another PP is based on the time from childbirth to the event of subsequent PP.
We applied Cox proportional hazards models to analyze the effect of clinical variables on the time to recurrence of non-puerperal psychosis episodes following the index PP. Hazard ratios and 95% CIs were calculated. The threshold for statistical significance was a twotailed alpha of 0.05, and all the analyses were performed using SAS version 9.2 (SAS Institute, Inc., Cary, NC, USA). Table 1 shows the demographic and clinical characteristics of the sample at the time of interview. The majority of participants were Caucasian, married, and employed at interview. The mean time since the index PP episode was 11.9 years [standard deviation (SD) = 8.9, range: six months to 39 years].
Results
Twenty-one subjects (18.1%) reported that their marriages ended within three years of the initial episode of PP. Five of these women stated that the relationship ended because their partner told her that he was unable to cope with her illness. A further three women said that they chose to leave an unhappy relationship. The remaining 13 women felt that the relationship changed following the illness, which lead to divorce. Of the 21 women whose marriages ended, eight were either married to or cohabiting with a new partner at the time of interview.
We examined whether the clinical presentation of the index PP episode (specifically mania or mixed versus psychotic depression) influenced the timing of the onset of symptoms, treatment or recovery. There were no significant differences between onset of symptoms (df = 114, t = −0.21, p > 0.83), duration of index episode (df = 114, t = 0.52, p > 0.61), or time to treatment (df = 111, t = −0.52, p > 0.61) between the two groups (mania or mixed versus psychotic depression). Table 2 shows the clinical and demographic characteristics at the time of index episode of PP.
Subsequent pregnancies and outcome
Following the index episode of PP, 55% (n = 64) of the sample had a subsequent pregnancy. The obstetric and mental health outcomes of these pregnancies are shown in Figure 1 . Each subordinate level of the diagram represents the outcome of the node above.
Differentiating those who became pregnant again
Logistic regression analysis was used to examine whether clinical factors differentiated those women who did or did not have a subsequent pregnancy following the index PP episode. Analysis showed that women who were older (χ 2 = 4.16, df = 1, p = 0.04) and already had children (χ 2 = 3.22, df = 1, p = 0.07) at the index PP episode were less likely to have a subsequent pregnancy. No significant association was found between the decision to become pregnant again and antecedent history, clinical presentation of index episode, presence of suicidal behavior or perplexity, and (in)voluntary hospital admission status. Of the 99 women who had PP with their first child, 42 women (42.4%) had no more children.
Analysis showed that the length of time from the index PP to time of interview was associated with subsequent pregnancies using both continuous (t = 4.08, p < 0.01) and dichotomous analyses (< 10 years versus ≥ 10 years) (χ 2 = 9.14, p < 0.01). Those women who were diagnosed with PP > 10 years ago had a higher rate of subsequent pregnancies compared to women diagnosed within 10 years of the study.
Mental health outcomes of next delivery following the index PP
Of the 64 women who had a pregnancy subsequent to the index PP, 57 resulted in a live birth (see Fig. 1 ); the rate of PP in the next delivery following the index PP was 54.4% (31/57). A small number of women (n = 8) had at least one additional delivery. The rate of PP in any subsequent delivery was 52.2% (35/67).
Of the subsequent deliveries that were unaffected by PP, there were two cases of nonpsychotic depression following the next delivery, and a further 2 in all subsequent deliveries (see Fig. 1 ). Therefore, 57.9% (33/57) of the next deliveries and 55.2% (37/67) of all subsequent deliveries were followed by an episode of mood disorder -mania or depression with psychotic features or non-psychotic depression.
None of the women took prophylactic medication during their subsequent pregnancy but a number took medication immediately following the delivery. Two women took a mood stabilizer and remained well, and four women were participants in a double-blind placebo controlled trial of mood stabilizers so medication status is unknown. An additional five women, while not taking mood stabilizers, took progesterone for prophylaxis of whom two had PP.
Risk of subsequent PP episode following the next successful delivery
To examine clinical factors that may predict subsequent PP episodes, we selected the 62 live deliveries that followed the index PP episode and compared the 34 affected deliveries to the 28 that were unaffected. In the analysis, we controlled for age, parity, and time since the index PP episode occurred.
As seen in Table 3 , a longer duration of the index PP and a longer time between the index PP episode and the subsequent pregnancy significantly predicted a subsequent PP episode. We conducted post-hoc analyses to clarify whether the time between the index PP episode and subsequent pregnancy predicting a subsequent PP (r = 0.32, p < 0.05) was an artifact of episode severity. Bivariate analyses showed that the result is partly a function of the fact that time to next pregnancy is related to the severity of the index episode, namely duration of the index episode and being involuntarily detained [after controlling for duration and being involuntarily detained (r = 0.21, p > 0.24)].
Risk of experiencing a subsequent episode unrelated to childbirth
The risk of experiencing a subsequent non-puerperal episode was 69% (80/116). Table 4 shows the results of a univariate Cox regression analysis to examine which clinical factors were associated with experiencing a non-puerperal episode of illness following the index PP controlling for time since the index PP episode to time of interview.
Experiencing psychiatric illness prior to the index PP episode, being older at the index PP episode, and having a family history of a mood disorder were significantly associated with experiencing a non-puerperal affective episode.
All of the women who had a subsequent non-puerperal episode met criteria for a lifetime diagnosis of bipolar disorder. Even after excluding the postpartum episode(s), 95% (76/80) still had a diagnosis of bipolar disorder. The type of non-puerperal affective episodes varied; 16 women (20.0%) experienced only pure manic episodes (with and without psychosis), 6.3% (5) experienced only non-psychotic depressive episodes and 72.5% (59) experienced only episodes of mania followed by depression. The 80 subjects experienced a total of 374 non-puerperal episodes, (mean = 4.68, SD = 6.05, range: 1-30).
There were 28 women who, at the time of interview, had only experienced a psychotic mood episode following childbirth (mean follow-up time 8.5 years, SD = 7.8 years, range: 6 months to 8 years).
Clinical presentation across PP episodes
There were 34 women who experienced multiple PP episodes; analysis using McNemar's test showed diagnostic stability between the clinical presentation of the index and subsequent PP episodes (χ 2 = 14.6, df = 4, p < 0.01). All 30 women with an index mixed or manic episode had the same presentation in the subsequent episode; of the four women who had a psychotic depression for the index episode, two had another episode of psychotic depression and two had an episode of mania. Compared to the index PP episode, the subsequent episode had a significantly later onset of symptoms [eight versus four days (t = 3.18, p < 0. 
Discussion
This study described the reproductive outcomes and subsequent mental health of women diagnosed with PP and examined clinical factors that predicted subsequent episodes of puerperal and non-puerperal illness.
It is well established that a personal history of bipolar disorder is the strongest predictor of PP (12) (13) (14) , and clinicians are acutely aware of the elevated risk of PP in these women. However, it is not uncommon for women with no antecedent history to experience PP (33, 34) , a fact clearly reflected in this sample. We have argued previously that those women who experience PP and have no antecedent history may still represent an underlying bipolar disorder diathesis that is triggered by childbirth (7, 8, 10) . The previous outcome data and the results of this study further support the link between PP and bipolar disorder (18, (21) (22) (23) (24) , as the majority of women who experienced PP had subsequent non-puerperal affective episodes. Almost all (95%) of those women met diagnostic criteria for bipolar disorder even when the PP episode was excluded. It is, therefore, not surprising that experiencing affective illness prior to the index PP episode and a family history of mood disorders predicted experiencing subsequent non-puerperal episodes. Moreover, the striking rarity of an antecedent history of bipolar illness in our large sample of women with PP cautions against a false sense of security on the part of health care providers in the absence of that history.
As in previous studies, mania was the most common presentation of PP, (10, 34) but in contrast to a recent study (34) we found no effect of the clinical presentation on the timing of onset of symptoms, duration of episode and time to treatment. The severity and tenacity of symptoms are suggested by the observation that despite 86% of the patients having received treatment within 30 days of symptom onset, 52% of patients required a year or more to experience symptom resolution. Despite the fact that over half of the women received medication within a week of symptom onset, a quarter of women reported ongoing symptoms at a year after delivery. Although the acute psychotic episode may have a very good prognosis (23) it is of note that many women had long periods of depression that followed the acute psychotic phase of their PP episode. The possibility of precipitating a depressive episode should therefore be taken into account when choosing medication for the acute manic and psychotic phase and mood stabilizing medications with an antidepressant action should be considered.
Subsequent PP episodes were treated significantly quicker and had a shorter duration which may reflect the fact that the woman, her family and her medical team (both psychiatric and obstetric) were more aware of the risk of illness, recognized pathological symptoms sooner and navigated the care system more quickly. The lasting impact of experiencing PP should not be underestimated, however, as approximately one in five marriages ended in the wake of the illness.
Our data strongly support the fact that experiencing PP does not discourage most women from having further children (22-27)but not surprisingly, older and multiparous women were less likely to have further pregnancies. It remains possible that having a severe postpartum episode does influence a woman's decision about extending her family as we were not able to address this issue directly in the current analysis. It is of interest, however, that we found no evidence that the severity of the index PP episode (indexed by factors such as suicidality, perplexity, involuntary admission, previous history) influenced decision making (10) supporting similar results (35) (36) (37) in women with more broadly defined psychosis.
Nonetheless, 45% of women had no pregnancies subsequent to the index episode of PP. This is consistent with a further study from our group of women with bipolar disorder that found women experiencing severe postpartum episodes were significantly less likely to go on to have further children than women who had no postpartum mood episode (54% compared to 73%, OR = 2.3, 95% CI: 1.70-3.16, p < 0.001) (Di Florio, personal communication). Our findings in this study, however, suggest that the severity of the PP episode does not influence the decision to have further children.
Although the risk of experiencing a subsequent PP is high, with almost a third of women experiencing multiple episodes of PP, it is important to note that 45% of women who went on to have further children did not become ill again. It appears that indices of the severity of the index PP episode were associated with risk of subsequent PP: a longer duration of the index PP and a longer time between the initial episode and subsequent pregnancy predicted a subsequent PP. A longer interpregnancy interval has been associated with higher risk in second pregnancies for another pregnancy related condition, preeclampsia (38, 39) . However, in contrast to our findings here for PP, there are data to suggest that in women with a previous preeclampsia, the overall risk tends to decrease with increasing time interval between deliveries (40).
A major strength of the study is that we obtained a large sample of women who were recruited specifically because they experienced PP. Limitations include the fact that it is, by design, a retrospective study and as a result, data may be subject to recall bias. To minimize bias we made diagnoses based on data from clinical interviews with several informants, and contemporaneous medical case notes. Recall surrounding perinatal events and postpartum illness, in particular, has been shown to be accurate and stable (41); this is perhaps due to the fact that it is such a major life event; this suggests that recall bias is unlikely to have had a major impact on our findings. Other limitations are that we were underpowered to detect significant differences for some risk factors, and there are potentially important clinical risk factors that were not included in this study. Despite that, this is the largest sample reported on to date. As the sample was recruited primarily for a genetic study, Caucasian women are over-represented. Whereas other studies of PP have reported on women with pre-existing bipolar spectrum disorder seeking counselling and/or treatment prior to or during pregnancy, for the majority of our sample, their PP was their first psychiatric episode. Despite this, nearly all went on to have a lifetime diagnosis of bipolar disorder consistent with the findings of other studies. We are not able to comment on the efficacy of prophylactic medications as none of the women took medications during pregnancy, and there was a low rate of prophylaxis in subsequent deliveries. This perhaps reflects the lack of evidence, and heightened concerns about teratogenicity in pregnancy and safety in breastfeeding.
In conclusion, our findings indicate that for many women developing PP, the episode would have been very difficult, if not impossible, to predict. Despite the well-known association between bipolar illness and the risk of PP, a large number of women developing PP have no antecedent history, or only a history of unipolar depression. This effectively precludes any complacent reassurance about PP only occurring in those women with a history of bipolar illness. Conversely, among the 80 women who experienced a total of 374 non-puerperal episodes, all of them were bipolar in nature. Thus although the link between bipolar illness and PP is very strong, this is of little predictive value for the women who experience PP with no antecedent history. The majority of women who experience PP will have further children and although women can be reassured that a subsequent PP is not inevitable, women, their families and all involved in their care must be aware of the high risk of recurrence. Our data demonstrate that many women with a history of PP do not go on to have a recurrence either related to childbirth or at other times. That said, it should be stressed that the risk of a subsequent non-puerperal episode is high. It is important, therefore, that women are not given the impression that avoiding future pregnancies will ensure they remain well. Reproductive and pregnancy outcomes following the index postpartum psychosis episode. Each subordinate level of the diagram represents the outcome of the node above. PP = postpartum psychosis; NFP = no further pregnancies; PPD = postpartum depression; unaffected = no affective disorder. Clinical characteristics at the index episode of postpartum psychosis Estimated risk of subsequent postpartum psychosis (PP) episode for clinical factors related to the index PP based on bivariate analysis controlling for age at index PP episode, parity, and time since the index PP episode occurred Table 4 Risk of experiencing a non-puerperal episode of illness for clinical factors based on proportional hazards model controlling for time since index PP episode 
